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Executive Summary 

The Regional Haze (RH) Program was established by Congress under Sections 169A and 169B of the Clean 

Air Act with the goal of restoring visibility to natural conditions at all mandatory Class I federal areas.  This 

program relies on collaboration between the U.S. Environmental Protection Agency (EPA), states, and 

Federal Land Managers (FLMs) to meet periodic goals toward reaching natural conditions by 2064.  States 

are required to submit implementation plans that address visibility impairment at all Class I areas ï both 

those within the state and those outside the state that may be affected by emission sources within the state.  

This document serves as the comprehensive periodic revision and progress report to Oklahomaôs Regional 

Haze (RH) state implementation plan (SIP) for the Second Planning Period (hereinafter, this document is 

referred to as the Planning Period 2 RH SIP), as required by 40 C.F.R. § 51.308(f). 

Oklahomaôs only Class I area is the Wichita Mountains Wilderness Area (WMWA), located in Comanche 

County.  Visibility conditions are measured by air sample analysis from an Interagency Monitoring of 

Protected Visual Environments (IMPROVE) monitor located at the Wichita Mountains Wildlife Refuge.  

The Oklahoma Department of Environmental Quality (DEQ) also analyzes potential effects on visibility by 

Oklahoma sources at nearby Class I areas in Texas, Arkansas, and Missouri. Detailed analysis of the 

monitoring data reveals a majority contribution from particulates of sulfate and nitrate.  Anthropogenic 

emissions that correlate to sulfate and nitrate particulates are SO2 and NOx, respectively. 

Oklahoma submitted a comprehensive SIP revision covering Planning Period 1 (2010-2018) on February 

18, 2010 (hereinafter referred to as the Planning Period 1 RH SIP) requiring control measures that resulted 

in substantial visibility improvement, far outpacing the uniform rate of progress for the WMWA.  Recent 

monitoring data for visibility conditions at the WMWA exhibits the significant progress toward natural 

conditions that has already occurred.  The most current data through the year 2019 shows visibility 

conditions at the WMWA are closer to a reasonable progress goal for 2028 than the 2018 reasonable 

progress goal, as established by DEQ.  Emissions of SO2 and NOx have decreased substantially in the last 

decade.  Air quality programs, including the Cross-State Air Pollution Rule (CSAPR) and New Source 

Performance Standards (NSPS), continue to reduce emissions nationwide to the benefit of visibility 

conditions at Class I areas.  More favorable economics for and significant investments in cleaner energy 

and transportation have also played a role in emission reductions across the country.  DEQ expects these 

trends to continue throughout this planning period, resulting in much-improved visibility conditions at Class 

I areas, including the WMWA. The graph below further demonstrates these conclusions, particularly that 

Oklahomaôs projected  progress is below the adjusted glidepath at the end of Planning Period 2. 
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Figure ES-1: EPA's Projected 2028 Impairment (20% Most Impaired Days) 

 

 

As stated above, this graph demonstrates the reductions made during Planning Period 1 and the reductions 

expected in Planning Period 2 place Oklahomaôs projected progress below the adjusted glidepath at the end 

of Planning Period 2 in 2028.  

The Regional Haze Rule (RH Rule) sets forth requirements for implementation of the Regional Haze 

Program under the Clean Air Act (specifically, the most recent iteration of the rule, published in 82 Fed. 

Reg. 3078 (Jan. 10, 2017), and found in 40 C.F.R. Part 51, Subpart P). Among the updates in the most 

recent amendments to the RH Rule was the inclusion of a progress report element in the Planning Period 2 

RH SIP due July 31, 2021. Under the RH Rule, the periodic RH SIP revisions also serve as progress reports. 

This Planning Period 2 RH SIP and progress report covers the time since the last progress report was 

submitted (September 28, 2016) through the year of the most recently available data (i.e., 2019).  All 

emission control requirements established during Planning Period 1 have been implemented as prescribed.  

Monitoring data reveal that Planning Period 1 emission control requirements were sufficient to make 

reasonable progress in visibility improvement at affected Class I areas.   

Preparation for Planning Period 2 (2018-2028) began as a regionally collaborative process among the 

Central States Air Resources Agencies (CenSARA).  Emissions that can contribute to visibility impairment 

can originate thousands of miles away.  The RH Rule changes made in 2017 acknowledge and allow for 

the fact that states have little or no influence over international contributions, and therefore should not be 

required to compensate for such international contributions. 82 Fed. Reg. 3107, footnote 116. However, the 
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2017 RH Rule requires coordination among states in proximity to Class I areas as a necessity for making 

reasonable progress.  CenSARA contracted with Ramboll-Environ to produce an ñarea-of-influenceò (AOI) 

study on point source contributions to visibility impairment.  This study considered facility emissions, 

distance from Class I areas, and air-flow patterns to produce a measure of a sourceôs likelihood to affect 

visibility conditions.   

Based on results of the AOI study, DEQ selected 12 facilities to conduct further analysis on potential for 

emission controls.  This analysis considers four factors, as required under 40 C.F.R. § 51.308(f)(2)(i) (i.e., 

the ñfour-factor analysisò). The four-factor analysis consists of the following factors: 1) cost of compliance; 

2) time necessary to implement compliance; 3) energy and non-air quality impacts of compliance; 4) 

remaining useful life of the source.  This analysis guides decisions through the development of a long-term 

strategy for reducing visibility impairment at the WMWA and other Class I areas.   

Considering the advanced progress toward natural conditions thus far, the time remaining in planning period 

2 (2018 ï 2028), and the results of the four-factor analyses, DEQ selected a long-term strategy that 

recognizes and relies in large part upon the existing pollution control programs and clean energy technology 

advances that have resulted in and will continue to result in advanced progress.  As older emission units 

continue to be replaced or retire, emission reductions will likely continue along the recent trends. In 

addition, the long-term strategy incorporates controls and shutdowns agreed to as part of the four-factor 

analyses. 

As allowed by the RH Rule, DEQ will request an adjustment to the natural conditionôs visibility index at 

the WMWA to account for emissions from wildland prescribed fires and international sources.  The 

resulting uniform rate of progress (URP) trendline places the visibility index data point for 2028 at 17.36 

deciviews.  EPA conducted photochemical modeling that projected visibility conditions at Class I areas for 

2028.  The projections, based on existing controls and enforceable shutdowns, produced a visibility index 

for the WMWA of 16.93 deciviews on the 20% most impaired days in 2028.  DEQ concurs with this as a 

justified, reasonable assessment and projection of visibility conditions at the WMWA, and therefore adopts 

16.93 deciviews on the 20% most impaired days as a reasonable progress goal for visibility at the WMWA 

in 2028.   

1. Visibility ï Clean Air Act Goals and Regional Haze Rule 

Section 169A of the Clean Air Act (CAA) Amendments of 1977 sets the following national visibility goal: 

 

Congress hereby declares as a national goal the prevention of any future, and the 

remedying of any existing impairment of visibility in mandatory Class I Federal areas 

which impairment results from man-made air pollution. 

EPA promulgated 40 CFR Part 51, Subpart P ï Protection of Visibility, effective August 30, 1999, to set 

the path to meet the CAAôs national visibility goals.  Subpart P, also known as the RH Rule, established a 

goal of reaching natural visibility conditions at all Federal Class I areas by 2064 and sets forth the 

requirements for states to address visibility impairment, defined as any humanly perceptible difference 

between actual visibility and natural visibility due to air pollution from anthropogenic sources. States must 

address regional haze in each mandatory Class I Federal area located within the State and in each mandatory 

Class I Federal area located outside the State which may be affected by emissions from within the State. 40 

C.F.R. § 51.308. 

The RH Rule required states to develop and submit to EPA for approval a comprehensive Regional Haze 

State Implementation Plan (SIP), covering the initial planning period (2008 ï 2018), with a comprehensive 
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review and revision every ten years thereafter.  The most recent amendment to the RH Rule, effective 

January 10, 2017, pushed the Planning Period 2 RH SIP due date from July 31, 2018 to July 31, 2021 (82 

Fed. Reg. 3078, January 10, 2017). A detailed history of Oklahomaôs RH SIPs can be found in Section 5 

herein.  

In its October 1, 2020 letter, EPA approved Oklahomaôs request under the Safe, Accountable, Flexible, 

Efficient Transportation Equity Act of 2005 (SAFETEA) to administer the Stateôs environmental regulatory 

programs in certain areas of Indian Country. Therefore, the scope of this request includes the portions of 

Indian Country covered by EPAôs approval of Governor Kevin Stittôs SAFETEA request letter dated July 

22, 2020. Through the SAFETEA request, the State sought approval to administer environmental programs 

throughout the State consistent with the extent to which the programs were administered by the State prior 

to the U.S. Supreme Courtôs recent decision in McGirt v. Oklahoma, 140 S.Ct. 2452 (2020). In its 

SAFETEA request, the State of Oklahoma did not seek to expand its historic regulatory jurisdiction and 

specifically excluded tribal trust land from its request. For the purposes of this Planning Period 2 RH SIP, 

DEQ intends to request information and seek reductions as necessary to meet the goals of the RH Rule in 

accordance with EPA's October 1, 2020, approval. 

2. Class I Areas 

Federally designated Class I areas include national parks and wilderness areas (portions of national forests 

and national wildlife refuges) that attract outdoor enthusiasts and visitors year-round.  One of the many 

appeals of these areas is the incredible views of the beautiful landscapes.  To ensure that these special places 

retain their beauty, the RH Rule requires air pollution control agencies work to reduce man-made pollution 

that causes visibility impairment. The RH Rule requires states to analyze visibility degradation at their 

Class I areas from haze-causing emissions. States are also required to consider the effects of emission 

sources in their territorial jurisdiction at Class I areas in other states.   

2.1. Oklahomaôs Class I Area 

The Wichita Mountains Wilderness Area (WMWA), located in Comanche County, Oklahoma, in the 

Wichita Mountains National Wildlife Refuge, is the stateôs only Class I area.  The US Fish and Wildlife 

Service (FWS), a Federal Land Manager (FLM), manages the WMWA.   

2.2. Class I Areas potentially impacted by Oklahoma sources 

The Regional Haze Rule requires states to address visibility impairment for each Class I area within the 

state and for each Class I area located outside the state that may be affected by emissions from the state. 40 

C.F.R. § 51.308. Through consultation with states and DEQôs own analysis, five nearby Class I areas were 

identified for potential visibility impacts from the transport of pollutants from Oklahoma emission sources. 

Table 2-1: Class I Areas considered for potential affects by Oklahoma sources 

Class I Area State 

Caney Creek Wilderness Area Arkansas 

Upper Buffalo Wilderness Area Arkansas 

Hercules-Glades Wilderness Area Missouri 

Guadalupe Mountains National Park Texas 

Big Bend National Park Texas 

 

Section 6 herein describes the method DEQ used during the Planning Period 2 RH SIP development to 

identify Oklahoma emission sources with the potential for impairing visibility at the WMWA and/or Class 

I areas in surrounding states. Using the same method, DEQ identified emission sources located outside 

Oklahoma with the potential for impairing visibility at the WMWA. During the consultation process with 

https://www.govinfo.gov/content/pkg/FR-2017-01-10/pdf/2017-00268.pdf
https://www.govinfo.gov/content/pkg/FR-2017-01-10/pdf/2017-00268.pdf
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surrounding states for Planning Period 2 RH SIP development, DEQ requested that the sources be 

considered for further analysis in the corresponding stateôs RH SIP development.   

3. Visibility Monitoring 

An Interagency Monitoring of Protected Visual Environments (IMPROVE) monitor, established at the 

Wichita Mountains in 2001, fulfills the monitoring requirements for Oklahoma established by the RH Rule.  

Visibility conditions are calculated from sample observations taken at the monitor every three days.  The 

observation period of 2000-2004 provides baseline visibility conditions at every Class I area, and therefore 

the average of the value for these years (2000-2004) is listed in Tables 3-1 through 3-8 as ñBaseline.ò The 

most recently available 5-year period of IMPROVE data for measuring progress toward natural conditions 

for this planning period is 2015-2019.  These tables show the arithmetic mean of the annual statistics for 

the five-year period of 2015 to 2019.  As prescribed by the RH Rule, the 20% most impaired days (MIDs) 

and the 20% clearest days must be evaluated from a baseline period to current conditions to track progress 

toward achieving the goal of natural visibility conditions by 2064 (listed as ñNaturalò in Tables 3-1 through 

3-8).  

3.1. Visibility Monitoring and Changes in Visibility at the Wichita Mountains 

The RH Rule requires each state to evaluate its progress toward achieving natural visibility conditions at 

its Class I area(s).  This evaluation requires the State to establish natural visibility conditions and to 

implement a method to collect and to analyze data to form the basis of the evaluation.  The Oklahoma 

Planning Period 1 RH SIP contained an extensive discussion of natural visibility conditions at the Wichita 

Mountains Wilderness Area.  As required by the RH Rule, the Planning Period 1 RH SIP also included a 

monitoring strategy for measuring, characterizing, and reporting of regional haze visibility impairment that 

is representative of all mandatory Class I Federal areas within the State.  The IMPROVE monitor 

established at the Wichita Mountains in 2001 fulfills the monitoring requirements for Oklahoma established 

by the RH Rule.  Visibility conditions are calculated from sample observations taken at the monitor every 

three days. Baseline visibility conditions for the WMWA are represented by the observation period of 2000-

2004. As prescribed by the RH Rule, the 20% most impaired days and the 20% clearest days must be 

evaluated from a baseline period to current conditions to track progress toward achieving the goal of natural 

visibility conditions by 2064.  The uniform rate of progress (URP) line, drawn from baseline conditions to 

natural conditions, provides a good illustration for how well the state is making progress.  In this Planning 

Period 2 RH SIP, Oklahoma is adding an estimate of visibility impairment from international emissions 

and prescribed fires to the estimate of natural conditions to calculate a new 2064 visibility target.  Oklahoma 

recognizes that prescribed fire is an important ecological management tool and plans to continue to support 

accommodating the use of prescribed fire in future RH planning. 

3.1.1.  Monitoring Strategy Review 

The IMPROVE program began as a cooperative effort between EPA, federal land management agencies, 

and state air-pollution control agencies.  This program uniquely provides observational data essential to the 

development of any implementation plan for regional haze.  Measurements at the Wichita Mountains began 

in March 2001.  The Oklahoma Planning Period 1 RH SIP thoroughly summarizes the IMPROVE protocol.   

The IMPROVE program has made minor adjustments to its protocol through the years but has maintained 

protocols that result in comparable data for many key elements, ions, and other constituents of particulate 

matter. Oklahomaôs monitoring strategy continues to rely upon participation in the IMPROVE network. 

For the current Planning Period 2 RH SIP, DEQ considers the IMPROVE site at the Wichita Mountains 

essential and critical to visibility assessment.   
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U.S. Fish and Wildlife Service personnel send the filter samples from the Wichita Mountains to the Crocker 

Nuclear Laboratory at the University of California in Davis for analysis.  The IMPROVE website and the 

Visibility Information Exchange Web System (VIEWS) at Colorado State University make the data publicly 

available.  Further, EPAôs Air Quality System (AQS) database includes these data.  DEQ relies on these data 

to fulfill its monitoring obligations under the RH Rule and currently lacks any alternative suitable for 

assessing visibility conditions at the Wichita Mountains.   

DEQ formerly operated a monitor in Ellis County until 2015. Cherokee Nation operates an IMPROVE 

monitoring program in eastern Oklahoma. The Department of Energy also began operating an IMPROVE 

monitor at its Southern Great Plains climate observation site in 2019. Because of the location of these 

monitors, they provide no data directly relevant to the Wichita Mountains or any other mandatory Class I 

federal area.   

3.1.2.  Monitoring Results 

The determination of reasonable progress at the Wichita Mountains requires an assessment of baseline 

conditions, natural conditions, and current conditions.  The Oklahoma Planning Period 1 RH SIP includes 

an extensive critical discussion of natural conditions at the Wichita Mountains.  That implementation plan 

uses the strictest natural conditions estimate, intended to represent clean conditions in the American West 

without fires.  The January 2017 revisions to the RH Rule included a less conservative, but quite complex, 

method to assess natural conditions.  This new method classifies a greater proportion of carbonaceous, 

coarse, and fine-soil particulate as natural.  A considerable proportion of such particulate matter at the 

Wichita Mountains arises from natural events, fires, dust storms, and emissions outside the United States 

of America.  For Planning Period 2, DEQ elects to use the method specified in the January 2017 RH Rule 

revision (82 Fed. Reg. 3078, January 10, 2017).  DEQ may continue to develop better estimates of natural 

conditions in future implementation plans.   

For comparison purposes, the former 20% worst days now bears the moniker 20% haziest days, and the 

former 20% best days now bears the moniker 20% clearest days.  A new category, the 20% most impaired 

days, now encompasses the days with the most culpable anthropogenic visibility impairment, ignoring any 

visibility degradation from fine soils, organic carbon, or coarse matter above a certain threshold. Thus, the 

20% most impaired days replaces otherwise relatively clean days among the 20% haziest days with thick 

smoke or blowing dust and replaces them with other days. The 20% most impaired days, however, may 

include days with unusually high sulfur or nitrate particulate haze even if those same days also featured 

dense smoke or dust.   

Significant improvement during the 20% most impaired days without degradation during the 20% clearest 

days during each year generally indicates some degree of compliance with the RH Rule.  Tables 3-1 through 

3-8 show the 20% clearest, most impaired, and haziest days as well as annual averages for comparison.  

The RH Rule generally requires some improvement in the 20% most impaired days, and no degradation in 

visibility for the 20% clearest days.  Below is a discussion of Rayleigh scatter and each particulate species 

that limit visibility at the Wichita Mountains. Note that data from 2009 is not included below because data 

from the PM10 module was invalidated and is not reported in the IMPROVE database.   

3.1.3.  Rayleigh Scatter 

The IMPROVE protocol represents Rayleigh scattering as a constant, contributing 11 Mm-1 to visibility 

degradation at the Wichita Mountains on account of elevation. Rayleigh scattering results from the 

interaction of light and the molecules of the atmosphere and is therefore a natural occurrence. Rayleigh 

scattering varies slightly with atmospheric pressure, humidity, cloud cover, and temperature structure, but 

this protocol currently ignores such variation.   

http://vista.cira.colostate.edu/improve/
http://views.cira.colostate.edu/web/
https://www.govinfo.gov/content/pkg/FR-2017-01-10/pdf/2017-00268.pdf
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3.1.4.  Saline Particulate 

The IMPROVE protocol approximates saline particulate with chloride and chlorine measurements. The 

protocol assumes that saline particulate arises exclusively from natural sources, generally from breaking 

ocean waves. Because the Wichita Mountains lie a significant distance from the nearest ocean, saline 

particulate rarely contributes noticeably to visibility degradation. The apparent decline in saline particulate 

in Table 3-1 may reflect refinements and changes in analytical methods rather than an actual phenomenon.   

Table 3-1: Saline Particulate at the Wichita Mountains 

Year 

20% Clearest 

Days 
Annual Average 

20% Most Impaired 

Days 

20% Haziest 

Days 

ɛg m-3 Mm -1 ɛg m-3 Mm -1 ɛg m-3 Mm -1 ɛg m-3 Mm -1 

2001   .12 .6     

2002 .1 .3 .06 .32 .1 .4 .1 .4 

2003 .1 .6 .10 .5 .1 .6 .1 .6 

2004 .05 .25 .073 .39 .13 .7 .08 .43 

2005 .02 .12 .047 .25 .04 .21 .04 .20 

2006 .02 .09 .045 .23 .05 .26 .08 .42 

2007 .037 .20 .067 .35 .07 .37 .10 .56 

2008 .05 .3 .066 .35 .08 .45 .09 .5 

2009   .040 .21     

2010 .03 .18 .040 .21 .04 .24 .04 .22 

2011 .04 .20 .067 .35 .09 .48 .09 .50 

2012 .015 .08 .0602 .313 .062 .33 .065 .35 

2013 .01 .07 .051 .274 .09 .50 .09 .47 

2014 .017 .090 .055 .294 .082 .43 .10 .55 

2015 .02 .11 .049 .260 .058 .30 .09 .46 

2016 .012 .06 .040 .21 .041 .22 .049 .26 

2017 .005 .03 .036 .19 .048 .27 .042 .23 

2018 .018 .10 .050 .26 .06 .32 .07 .37 

2019 .04 .20 .074 .39 .11 .60 .25 1.3 

Baseline .07 .4 .088 .47 .10 .5 .08 .5 

2015-2019 .02 .10 .050 .263 .06 .34 .10 .52 

Natural  .07 .4 .088 .47 .08 .5 .08 .5 

 

3.1.5.  Coarse Particulate 

IMPROVE monitors include a coarse particulate (PM10) module, which samples PM with aerodynamic 

diameter less than 10 ɛm, and a fine particulate (PM2.5) module, which samples PM with aerodynamic 

diameter less than 2.5 ɛm. The protocol includes gravimetric analysis of both samples; coarse particulate 

describes the difference between the masses of these two samples. The increase in coarse PM during 2011, 

2012, and 2014, shown in Table 3-2, resulted from an increased prevalence of dust storms, associated with 

drought. Dendroclimatic analyses and other long-term climate records from the Oklahoma area suggest that 

a relatively drier climate prevailed in previous centuries.   

Table 3-2: Coarse Particulate Matter at the Wichita Mountains 

Year 

20% Clearest 

Days 
Annual Average 

20% Most Impaired 

Days 

20% Haziest 

Days 

ɛg m-3 Mm -1 ɛg m-3 Mm -1 ɛg m-3 Mm -1 ɛg m-3 Mm -1 

2001   8.2 4.9     
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Year 

20% Clearest 

Days 
Annual Average 

20% Most Impaired 

Days 

20% Haziest 

Days 

ɛg m-3 Mm -1 ɛg m-3 Mm -1 ɛg m-3 Mm -1 ɛg m-3 Mm -1 

2002 4.25 2.5 7.3 4.4 5.7 3.4 9.2 5.5 

2003 5.57 3.3 7.4 4.5 4.7 2.8 7.0 4.2 

2004 3.8 2.3 6.3 3.8 4.9 2.9 7.1 4.3 

2005 5.9 3.6 7.4 4.5 6.3 3.8 9.1 5.4 

2006 5.85 3.5 8.5 5.1  6.6 3.9 12.1 7.3 

2007 3.83 2.3 6.6 4.0 5.6 3.4 7.3 4.4 

2008 3.92 2.4 7.0 4.2 5.6 3.3 7.8 4.7 

2009   7.1 4.3     

2010 4.60 2.8 7.5 4.5 5.8 3.5 6.5 3.9 

2011 5.25 3.2 10.9 6.6  9.2 5.5 14.9 8.9 

2012 6.29 3.8 10.02 6.0 7.7 4.6 13.3 8.0 

2013 3.90 2.3 7.0 4.2  7.4 4.5 10.1 6.0 

2014 6.23 3.7 10.2 6.1 6.9 4.1 15.7 9.5 

2015 3.99 2.4 7.8 4.7 7.8 4.7 12.0 7.2 

2016 5.55 3.3 7.5 4.5 6.0 3.6 10.1 6.1 

2017 5.1 3.1 7.2 4.3 7.4 4.4 8.4 5.0 

2018 4.3 2.6 7.9 4.8 6.8 4.1 9.3 5.6 

2019 5.00 3.0 7.8 4.7 5.3 3.2 11.7 7.0 

Baseline 4.6 2.73 7.3 4.39 5.10 3.06 7.7 4.6 

2015-2019 4.79 2.87 7.7 4.60 6.67 4.00 10.3 6.2 

Natural  1.9 1.1 3.0 1.8 3.0 2.0 3.0 2.0 

 

3.1.6.  Fine Soil Particulate 

The IMPROVE protocol estimates fine-soil particulate from Aluminum, Silicon, Calcium, Iron, and 

Titanium measurements from the PM2.5 module. Considerable fine soil arrives at the Wichita Mountains 

via intercontinental transport from the Sahara, especially during the late spring and early summer months. 

Saharan dust exhibits considerable interannual variability but reaches Oklahoma in noticeable quantities 

almost every year. This transport phenomenon deposits considerable important minerals onto the soils, 

offsetting leaching and runoff from heavy rains. These minerals contribute to the flourishing of natural and 

agricultural vegetation throughout the Caribbean, Central America, and the American South and even at 

and near the Wichita Mountains. The new protocols classify the more extreme dust storms as primarily 

natural but still classify some probably natural dust as anthropogenic. Dust storms of North American origin 

consist principally of coarse matter and unmeasured large sand particles but still result in slightly elevated 

fine soils. Table 3-3 shows statistics about fine-soil particulate matter.   

Table 3-3: Fine Soil Particulate Matter at the Wichita Mountains 

Year 

20% Clearest 

Days 
Annual Average 

20% Most Impaired 

Days 

20% Haziest 

Days 

ɛg m-3 Mm -1 ɛg m-3 Mm -1 ɛg m-3 ɛg m-3 Mm -1 ɛg m-3 

2001   .98 .98     

2002 .261 .261 .79 .79 .595 .60 .787 .79 

2003 .375 .38 .849 .85 .50 .50 .86 .86 

2004 .299 .299 .82 .82 .519 .52 .717 .72 

2005 .438 .44 .65 .65 .555 .55 .718 .72 
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Year 

20% Clearest 

Days 
Annual Average 

20% Most Impaired 

Days 

20% Haziest 

Days 

ɛg m-3 Mm -1 ɛg m-3 Mm -1 ɛg m-3 ɛg m-3 Mm -1 ɛg m-3 

2006 .516 .52 .98 .98 .698 .70 1.51 1.51 

2007 .330 .330 .87 .87 .553 .55 1.09 1.09 

2008 .389 .39 .996 1.00 .613 .61 1.30 1.30 

2009   .879 .88     

2010 .632 .63 1.00 1.00 .833 .83 .870 .87 

2011 .346 .346 .94 .94 .68 .68 1.04 1.04 

2012 .531 .53 1.33 1.33 .548 .54 1.13 1.13 

2013 .258 .258 .91 .91 .449 .45 1.47 1.47 

2014 .504 .50 1.33 1.33 .64 .64 1.94 1.94 

2015 .256 .256 1.03 1.03 .79 .79 2.69 2.7 

2016 .343 .34 .92 .92 .51 .51 1.50 1.50 

2017 .364 .36 .65 .65 .400 .40 .469 .47 

2018 .330 .33 .92 .92 .370 .37 1.40 1.40 

2019 .40 .40 .89 .89 .40 .40 1.90 1.90 

Baseline .312 .312 .860 .86 .539 .539 .789 .79 

2015-2019 .339 .34 .88 .88 .493 .49 1.59 1.59 

Natural  .19 .19 .50 .50 .5 .5 .5 .5 

 

3.1.7.  Elemental Carbonaceous Particulate 

The IMPROVE protocol uses a thermal-optical reflectance method to differentiate between elemental 

carbon and organic carbon. Elemental carbon enters the atmosphere almost exclusively because of 

combustion. Table 3-4 illustrates the considerable decline in elemental carbonaceous particulate from the 

baseline period of 2002-2004.   

Table 3-4: Elemental Carbonaceous Fine Particulate Matter at the Wichita Mountains 

Year 

20% Clearest 

Days 
Annual Average 

20% Most Impaired 

Days 

20% Haziest 

Days 

ɛg m-3 Mm -1 ɛg m-3 Mm -1 ɛg m-3 Mm -1 ɛg m-3 Mm -1 

2001   .26 2.6     

2002 .12 1.2 .23 2.3 .35 3.5 .40 4.0 

2003 .13 1.3 .289 2.9 .35 3.5 .44 4.4 

2004 .13 1.3 .25 2.5 .27 2.7 .43 4.3 

2005 .16 1.6 .33 3.3 .50 5.0 .61 6.1 

2006 .120 1.20 .27 2.7 .40 4.0 .52 5.2 

2007 .130 1.30 .25 2.5 .42 4.2 .42 4.2 

2008 .110 1.10 .217 2.17 .31 3.1 .31 3.1 

2009   .21 2.1     

2010 .086 .86 .21 2.1 .29 2.9 .36 3.6 

2011 .114 1.14 .23 2.3 .33 3.3 .41 4.1 

2012 .084 .84 .195 1.95 .33 3.3 .33 3.3 

2013 .078 .78 .168 1.68 .25 2.5 .26 2.6 

2014 .086 .86 .164 1.64 .27 2.7 .27 2.7 

2015 .078 .78 .161 1.61 .23 2.3 .23 2.3 

2016 .077 .77 .16 1.6 .21 2.1 .25 2.5 
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Year 

20% Clearest 

Days 
Annual Average 

20% Most Impaired 

Days 

20% Haziest 

Days 

ɛg m-3 Mm -1 ɛg m-3 Mm -1 ɛg m-3 Mm -1 ɛg m-3 Mm -1 

2017 .072 .72 .19 1.9 .28 2.8 .30 3.0 

2018 .14 1.4 .20 2.0 .27 2.7 .30 3.0 

2019 .110 1.1 .22 2.2 .270 2.7 .350 3.5 

Baseline .128 1.28 .260 2.60 .32 3.2 .42 4.2 

2015-2019 .095 .95 .186 1.86 .250 2.50 .287 2.87 

Natural  .010 .10 .02 .20 .034 .34 .034 .34 

 

3.1.8.  Organic Carbonaceous Particulate 

Organic carbonaceous particulate arises from a variety of sources, including natural biological processes, 

fires, and petrochemical industries. Table 3-5 shows a slow and unsteady decrease in this component of 

visibility impairment.   

Table 3-5: Organic Carbonaceous Particulate Matter at the Wichita Mountains 

Year 

20% Clearest 

Days 
Annual Average 

20% Most Impaired 

Days 

20% Haziest 

Days 

ɛg m-3 Mm -1 ɛg m-3 Mm -1 ɛg m-3 Mm -1 ɛg m-3 Mm -1 

2001   1.34 8.2     

2002 .61 3.3 1.22 7.3 1.60 9.7 2.30 14.7 

2003 .69 3.8 1.50 9.2 1.41 8.4 2.26 15.0 

2004 .71 3.9 1.55 9.9 1.54 9.2 3.13 22.8 

2005 .66 3.6 1.42 8.6 1.93 12.2 2.64 17.7 

2006 .54 2.91 1.18 7.0 1.56 9.3 2.09 13.6 

2007 .69 3.8 1.19 6.97 1.63 9.9 1.84 11.4 

2008 .58 3.13 1.18 6.92 1.30 7.6 1.57 9.6 

2009   1.07 6.4     

2010 .49 2.64 1.18 7.3 1.30 7.6 2.05 14.8 

2011 .58 3.15 1.38 8.6 1.61 9.7 2.64 18.8 

2012 .43 2.31 1.026 5.87 1.22 7.0 1.43 8.4 

2013 .44 2.37 .92 5.27 1.09 6.2 1.43 8.5 

2014 .50 2.69 .87 4.95 1.04 5.9 1.33 8.0 

2015 .58 3.15 1.12 6.61 1.28 7.5 1.60 9.9 

2016 .47 2.48 1.02 5.9 1.16 6.8 1.63 9.9 

2017 .47 2.51 1.13 6.5 1.36 7.9 1.67 10.1 

2018 .60 3.23 1.09 6.5 .99 5.6 1.73 12.0 

2019 .68 3.7 1.15 7.3 1.04 5.9 2.38 16.5 

Baseline .67 3.67 1.40 8.63 1.52 9.1 2.56 17.5 

2015-2019 .559 3.02 1.104 6.56 1.168 6.74 1.80 11.7 

Natural  .16 .8 .33 1.8   .6 3.3 

 

3.1.9.  Nitrate Particulate 

The IMPROVE protocol uses a special module to capture ions, particularly nitrate. Nitrate constitutes a 

considerable proportion of fine particulate matter at the Wichita Mountains, primarily on cold, dark, humid 
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winter days. The highest nitrate occurs especially in Arctic air masses with temperatures near or below the 

freezing point of water and a snow-covered origin region on the northern Plains near or east of Lincoln, 

Nebraska, although some such days feature southerly wind as the barely modified Arctic air mass retreats 

from Texas. The incidence of these days varies considerably among winter seasons, and the number of 

freezing days at the Wichita Mountains, in a given year, correlates strongly with most metrics of nitrate 

particulate matter in Table 3-6. Some improvement in recent years may reflect several mild winters in 

addition to emissions reductions. The years with the most freezing days (in descending order) include 2014, 

2015, 2007, and 2010; those with the fewest freezing days include 2012, 2006, and 2016. Moreover, an 

increase in the number of days in recent years with missing samples decreases confidence in the apparent 

trend.   

Table 3-6: Nitrate Particulate Matter at the Wichita Mountains  

Year 

20% Clearest 

Days 
Annual Average 

20% Most Impaired 

Days 

20% Haziest 

Days 

ɛg m-3 Mm -1 ɛg m-3 Mm -1 ɛg m-3 Mm -1 ɛg m-3 Mm -1 

2001   1.2 9.3     

2002 .432 3.16 1.168 8.89 2.00 16.1 1.32 10.3 

2003 .379 2.70 1.36 10.9 3.70 31.5 3.33 28.5 

2004 .346 2.52 1.42 11.8 4.16 37.9 3.51 32.4 

2005 .336 2.36 1.06 8.2  1.41 11.5 1.29 10.3 

2006 .269 1.97 .92 7.0 1.72 13.7 1.42 11.3 

2007 .254 1.80 1.29 10.7 3.38 31.1 3.01 27.9 

2008 .378 2.71 1.00 7.8 2.10 17.4 2.25 18.7 

2009   .82 6.3     

2010 .25 1.72 1.02 8.0 2.75 22.8 2.72 22.6 

2011 .493 3.61 1.13 8.9 3.04 25.6 2.95 24.8 

2012 .270 1.97 .89 6.9 2.05 17.0 2.26 18.7 

2013 .325 2.44 .99 7.6 2.68 22.1 2.40 20.0 

2014 .264 1.86 1.14 9.1 3.08 26.2 2.78 23.6 

2015 .237 1.76 .74 5.5 1.71 13.0 1.33 9.9 

2016 .224 1.57 .63 4.8 1.46 11.8 1.18 9.4 

2017 .167 1.22 .69 5.2 1.16 8.9 1.03 7.8 

2018 .29 2.1 .97 7.5 2.80 22.8 2.86 23.0 

2019 .33 2.4 .87 6.5 2.063 16.8 1.624 13.1 

Baseline .385 2.80 1.29 10.2 3.28 28.5 2.72 23.7 

2015-2019 .249 1.81 .78 5.9 1.84 14.7 1.60 12.7 

Natural  .023 .21 .08 .7 .16 1.5 .16 1.5 

 

3.1.10. Sulfureous Particulate 

The IMPROVE protocol measures the sulfur content of fine particulate matter. Sulfur particulate generally 

enters the atmosphere from the sulfur content of combusted fuels. Coal contains varying proportions of 

sulfur, so the ongoing shift away from coal likely continues to contribute to the considerable reduction in 

monitored sulfureous fine particulate at the Wichita Mountains. Moreover, EPA mandated lower sulfur 

content in diesel fuel and gasoline throughout the United States of America at various times during the 

observational period. Table 3-7 shows that the 20% clearest days show no reduction in sulfureous 

particulate. Even after the dramatic reductions in sulfur emissions during the past couple of decades, 
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sulfureous particulate still leads all other contributors to visibility impairment at the Wichita Mountains on 

an average day.   

Table 3-7: Sulfureous Particulate Matter at the Wichita Mountains 

Year 

20% Clearest 

Days 
Annual Average 

20% Most Impaired 

Days 

20% Haziest 

Days 

ɛg m-3 Mm -1 ɛg m-3 Mm -1 ɛg m-3 Mm -1 ɛg m-3 Mm -1 

2001   3.05 22.3     

2002 .798 5.35 3.25 24.4 6.38 52.5 7.52 62.2 

2003 .763 4.98 3.04 22.3 4.48 35.2 5.44 43.4 

2004 .756 4.97 2.93 21.3 4.46 34.2 5.29 41.6 

2005 1.15 7.4 4.08 32.0 9.0 78. 9.6 84. 

2006 .88 5.91 2.88 20.7 5.24 40.5 5.54 42.5 

2007 .91 5.82 2.81 20.4 5.37 42.4 5.77 45.4 

2008 1.02 6.74 2.73 19.7 5.31 41.7 5.13 40.0 

2009   2.37 16.9     

2010 .91 5.96 2.43 17.3 4.49 34.3 4.26 32.0 

2011 .908 6.13 2.40 16.8 4.26 31.5 4.33 32.3 

2012 .664 4.38 2.180 15.16 3.87 28.0 3.61 26.1 

2013 .653 4.38 2.09 14.5 3.45 25.5 3.74 27.5 

2014 .767 4.97 2.16 15.1 4.06 29.6 3.97 28.5 

2015 .644 4.37 1.89 12.9 3.17 22.2 3.26 22.3 

2016 .496 3.24 1.53 10.4 2.45 17.2 2.38 16.4 

2017 .459 3.08 1.69 11.5 3.12 22.4 3.00 21.3 

2018 .568 3.78 1.55 10.4 2.41 16.9 2.17 14.8 

2019 .781 5.2 1.65 11.2 2.537 17.8 2.869 19.5 

Baseline .772 5.10 .744 22.6 5.10 40.6 6.09 49.1 

2015-2019 .590 3.94 .552 11.3 2.736 19.28 2.735 18.84 

Natural  .007 .19 .029 .76 .06 1.5 .06 1.5 

 

3.2. Deciview Visibility Index 

The RH Rule in 40 C.F.R. Part 51, Subpart P calls for analysis of reasonable progress in terms of a 

regulatory unit called the deciview (dv), a logarithmic function of the additive extinction factors in inverse 

Megameters (Mm-1).  Table 3-8 applies this regulatory unit to assess total visibility degradation at the 

Wichita Mountains. The reasonable progress goals (RPGs) at the Wichita Mountains for 2018, listed in this 

table, reflect the revised RPGs calculated by EPA and included in the Federal Register notice preamble 

(and associated Technical Support Document) for actions taken on Texasô and Oklahomaôs RH 

implementation plans on January 5, 2016 (81 Fed. Reg. 296, January 5, 2016).  Although EPA's final action 

was remanded, and therefore this RPG value is not an accurate reflection of the control measures that were 

actually in place for Texas sources at the end of 2018 because the controls required under the federal 

implementation plan (FIP) were never implemented, it should be noted that both values are higher than the 

corresponding average values for 2015-2019.  

https://www.govinfo.gov/content/pkg/FR-2016-01-05/pdf/2015-31904.pdf
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Table 3-8: Deciview visibility index at the Wichita Mountains 

Year 

20% Clearest 

Days 
Annual Average 

20% Most 

Impaired Days 

20% Haziest 

Days 

dv Mm -1 dv Mm -1 dv Mm -1 dv Mm -1 

2001   16.9 60.     

2002 9.9 27.1 16.60 59.4 22.29 97. 23.62 109. 

2003 10.2 28.1 17.20 62.0 22.09 93.5 23.65 108. 

2004 9.6 26.6 16.83 61.6 22.16 99.1 24.2 118. 

2005 10.8 30.1 17.9 68.5 24.4 122. 25.7 135. 

2006 9.8 27.1 16.1 54.7 20.86 83.4 21.86 92.8 

2007 9.6 26.5 16.21 56.8 22.43 103. 22.85 106. 

2008 10.0 27.7 15.83 53.2 21.11 85.2 21.61 89.1 

2009   14.75 48.0     

2010 9.3 25.8 15.41 51.4 20.94 83.0 21.67 89.3 

2011 10.4 28.7 16.18 55.5 21.25 87.7 22.91 101.4 

2012 9.0 24.9 15.02 48.5 19.45 71.7 20.19 77.1 

2013 8.5 23.7 14.30 45.5 19.55 72.7 20.33 77.6 

2014 9.3 25.7 15.06 49.5 20.43 80.6 21.16 85.8 

2015 8.6 23.8 14.05 43.5 18.09 61.7 18.77 65.8 

2016 8.2 22.8 13.2 39.2 16.47 53.1 17.25 57.0 

2017 7.8 22.0 13.7 41.3 17.52 58.1 17.70 59.0 

2018 8.8 24.5 14.1 43.4 18.16 63.8 19.3 71.1 

2019 9.9 27. 14.1 44.1 17.6 58. 20.0 74. 

Baseline (2000-

2004) 
9.92 27.3 16.90 60.7 22.18 96.6 23.83 111.4 

2003-2007 

average 
10.01 27.7 16.85 60.7 22.40 100.2 23.66 111.9 

2008-2012 

average 
9.67 26.8 15.44 51.3 20.69 81.9 21.59 89.2 

2013-2017 

average 
8.47 23.6 14.05 43.8 18.41 65.2 19.04 69.0 

2015-2019 8.65 24.0 13.83 42.3 17.58 59.02 18.60 65.3 

EPA-calculated 

RPG for 2018 

9.22    21.33    

 

3.3. Baseline and Current visibility conditions at WMWA 

The 5-year average impairment for 2015-2019 on the MIDs is 17.58 deciviews, a 21% improvement from 

the 2000-2004 baseline of 22.18 deciviews.   

Figure 3-1 details the components of light extinction on the MIDs from 2002-2019. Particulates of 

ammonium sulfate and ammonium nitrate dominate the components of light extinction at the WMWA. 

Reductions in SO2 emissions (and corresponding lower ammonium sulfate formation shown in yellow) 

during this period commensurately reduced light extinction at the WMWA. NOx reductions (and lower 

corresponding ammonium nitrate formation shown in orange) occurred from 2002-2019 as well, but at a 

lesser rate than SO2 reductions. Thus, the light extinction attributable to NOx has increased as a percentage 

of the total, although the total light extinction at the WMWA has decreased considerably. 
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Figure 3-1: IMPROVE Annual Average Light Extinction, Most Impaired Days, 2002-2019

Courtesy: Western Regional Air Partnership 

Figures 3-2 and 3-3 break down individual components of light extinction for the individual MIDs in 2018 

and 2019, respectively.  These graphs illustrate the seasonality of components to light extinction at the 

WMWA.  Whereas the effect to visibility due to sulfate particulate stays fairly uniform throughout the year, 

nitrate particulate clearly dominates visibility impairment in the colder, winter months.  Wind patterns in 

these months typically flow from north to south, bringing air masses across the plains before arriving at the 

WMWA.  On the days leading up to the most impaired visibility at the WMWA air masses trapped by 

meteorological inversions travel the eastern agricultural plains, which also include larger metropolitan 

areas, such as Kansas City and Omaha.  Higher NOx emissions from on-road mobile sources are likely a 

key contributor to the winter-time nitrate particulate that impairs visibility at the WMWA.  Section 3.1.9 

further describes the nitrate particulate contribution at the WMWA.  



 

Planning Period 2 RH SIP August 2022 Page 17 
 

Figure 3-2: IMPROVE Daily Light Extinction, Most Impai red Days, 2018

Courtesy: Western Regional Air Partnership 

 

Figure 3-3: IMPROVE Daily Light Extinction, Most Impaired Days, 2019 

Courtesy: Western Regional Air Partnership 

 

4. Emission Trends 

Analyzing emission trends helps to better understand the effect of anthropogenic emissions on visibility 

impairment at Class I areas.  At the WMWA, the primary pollutants contributing to visibility impairment 

were ammonium nitrate and ammonium sulfate during Planning Period 1.  The focus of DEQôs analysis is 

on emissions of NOx and SO2.  Tables 4-1, 4-2, and 4-3 summarize the national emission inventory for the 
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years 2002, 2011 (as provided in Table 5-2 of Oklahomaôs RH Five Year Progress Report, September 

2016), and 2017 respectively for Oklahoma. Please note that at the time this report was generated, 2017 

was still the most recent complete National Emissions Inventory (NEI) data year available as the 2020 NEI 

data had not been released by EPA yet.  

Table 4-1: Oklahoma emission inventory summary for  2002 (Tons)  

  
VOC NOx PM2.5 

PM10 - 

PM2.5 
NH3 SO2 

Point 37,794 158,818 8,636 8,026 24,102 148,761 

Non-Point 201,758 115,407 109,279 304,560 114,363 11,779 

Non-Road 47,863 49,396 4,580 433 4,434 4,708 

On-Road 99,924 142,592 2,459 879 280 4,773 

Biogenic 988,314 35,909 0 0 0 0 

Total 1,375,653 502,122 124,954 313,898 143,179 170,021 

 

Table 4-2: Oklahoma emission inventory summary for 2011 (Tons) 

 VOC NOx PM2.5 
PM10 - 

PM2.5 
NH3 SO2 

Point 48,559 162,222 8,600 5,266 6,500 118,992 

Nonpoint (Area) 284,354 103,506 89,167 554,650 103,782 4,078 

On-road mobile 54,975 115,105 3,555 3,011 1,918 516 

Non-road mobile 27,815 24,650 2,316 107 30 63 

Biogenic 1,185,031 42,428         

Event 243,573 20,193 93,067 109,819 16,944 9,601 

Total 1,844,307 468,104 196,705 672,853 129,174 133,250 

2011-2002 Change 225,081 -54,211 -21,316 249,136 -30,949 -46,372 

 

Table 4-3: Oklahoma emission inventory summary for 2017 (Tons) 

 VOC NOx PM2.5 
PM10 - 

PM2.5 
NH3 SO2 

Point 52,438 91,762 8,357 2,461 4,063 70,130 

Nonpoint (Area) 676,468 133,587 88,782 456,501 110,878 1,350 

On-road mobile 36,947 72,377 2,185 1,892 1,580 409 

Non-road mobile 15,052 12,910 1,274 68 24 27 

Biogenic 452,714  50,091         

Event 235,599 20,684 90,787 16,342 16,389 9,634 

Total 1,016,504 381,411 191,385 477,264 132,934 81,550 

2017-2011 Change -584,320 -116,670 87,747 -85,770 20,704 -42,098 

2017-2002 Change -359,239 -170,801 66,431 163,366 -10,245 -88,470 
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Figure 4-1: Oklahoma Point Sources in National Emissions Inventory, total emissions (tons per year, 2011 and 2017) 

 

 

NOx and SO2 emissions have considerably decreased from 2011 to 2017, especially from the point source 

sector.  Note, the NEI reporting structure changed in 2008, adding an ñeventò sector for wildfires and 

prescribed burning sources and moving biogenic emissions into the nonpoint category. DEQ has removed 

the biogenic emissions totals from the nonpoint source category in Tables 4-1 and 4-2 and reported them 

separately for easier comparison to previous reports. Also note that the 2017 emissions totals listed in Table 

4-3 were significantly lower than the predicted emissions totals for 2018 given in the 2016 RH Five Year 

Progress Report (Table 5-3) for all parameters except PM2.5 and PM10 - PM2.5.  PM data were particularly 

affected by the addition of the event sector (PM2.5) and changes to methodologies for estimating nonpoint 

emissions (PM10 - PM2.5). 

Both DEQ and EPA recognize that Electric Generating Utilities (EGUs) in general are significant sources 

of NOx and SO2 emissions.  For certain EGU units, emissions are required to be reported to EPAôs Clean 

Air Markets Division (CAMD) on a more frequent basis than the NEI. Figure 4-2 lists more recent data 

from CAMD for this subset of point source inventory of emissions, to show the considerable reduction in 

emissions that have occurred since 2011 for the EGU sector; that trend continues. 
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Figure 4-2: 2011 ï 2020 Emissions from EPA Clean Air Markets Division, Acid Rain Program (ARP) 

 

 

The majority of SO2 emissions continue to be attributed to the point source category of the inventory. 

During Planning Period 2, Oklahomaôs focus will be on evaluating controls for point sources.  Inventoried 

emissions of SO2 decreased by approximately 35% from 2011 to 2017, a trend likely to continue as 

evidenced by the major reductions achieved after 2017; as Planning Period 1 controls were fully 

implemented (see Section 5.2).   

NOx emissions are not dominated by one source category, but instead are heavily contributed to by the 

point, nonpoint, and on-road sectors.  Figure 4-3 displays the percentage of NOx emissions from the 5 major 

categories for 2014 and 2017.  Total NOx emissions decreased almost 15% from 2014 to 2017 with point 

source reductions of 27%.  While NOx emissions from nonpoint sources decreased from 2014 to 2017, it 

was not as drastic as point sources.  Therefore, the proportion of NOx emissions attributable to nonpoint 

sources increased slightly for this time period.  Although on-road emissions decreased slightly from 2014 

to 2017, DEQ lacks the authority to require controls for the on-road sector and will continue to rely on EPA 

and other federal entities to effect meaningful emissions reductions for this source category.   
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Figure 4-3: Relative Contribution of Each National Emission Inventory Category to Total NOx Emissions in Oklahoma  

 

  

NOx emissions in the 2014 and 2017 NEIs for Oklahoma were further split into separate categories to 

analyze contribution from the oil and gas sector.  Figure 4-4 shows that oil and gas operations, whether as 

a point or area source, accounted for 38% and 35% of the NOx emissions in Oklahoma (with biogenics 

removed from consideration) in 2014 and 2017, respectively.  

 

Figure 4-4: NOx Emissions Without Biogenics by NEI Category 

 

 

DEQ continues to have one of the most robust permitting programs in the country for oil and gas operations, 

and many oil and gas sources that would typically be considered area sources (i.e. midstream oil and gas 

sources) are accounted for under the point source category in Oklahoma as of 2011.  In addition, DEQ has 

been on the forefront of developing accurate emission estimates for the sector through the National Oil and 

Gas Emissions Inventory Committee.  Starting in 2014, DEQ began supplying actual, collected data to the 

NEI for the oil and gas production source category rather than data generated by assumptions in the Oil and 
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Gas Tool. This shift in the way data was reported resulted in an increase in the emissions considered from 

the area source category.  DEQ will continue to evaluate oil and gas activity, operations, and air quality 

permitting standards to maintain appropriate control of emissions, including NOx.  Where appropriate, 

larger oil and gas point sources have been evaluated for potential NOx controls during Planning Period 2. 

The sheer number of small oil and gas sources makes it extraordinarily inefficient and impracticable for 

DEQ, a state agency with limited means, to evaluate each source individually for possible emission 

reductions.  As of 2022, EPA has proposed regulations for oil and natural gas sources that, if finalized, 

would have the co-benefit of reducing NOx emissions from this sector. 

5. SIP Progress Report 

The most recent progress report from DEQ was submitted on September 28, 2016, and then approved by 

EPA on June 28, 2019.  That progress report analyzed both the emissions of visibility -impairing pollutants 

and the changes in visibility at the WMWA for the five-year period of 2009-2013 for consideration of 

control measure effectiveness.  Section 4 of this SIP Revision includes an analysis of changes in emissions 

of visibility-impairing pollutants since the period covered by the last progress report. The current analysis 

of reasonable progress therefore includes the most recently available visibility monitoring data through 

2019, and therefore will be included in this analysis of reasonable progress.  The next 5-year progress report, 

as required by 40 C.F.R. § 51.208(f), will be submitted to EPA by January 31, 2025. 

5.1. 2010 ï 2018: Planning Period 1 

Oklahoma submitted to EPA its Planning Period 1 RH SIP addressing regional haze on February 18, 2010.  

This submittal included BART determinations for 13 units at six facilities (all electric generating units) in 

Oklahoma.  EPA approved the determinations for seven units.  EPA approved DEQôs BART determinations 

for NOx and PM and disapproved the determinations for SO2 on six units, effective January 27, 2012 (76 

Fed. Reg. 81728, December 28, 2011).  In the same action, EPA issued a federal implementation plan (FIP) 

for the six units for which it disapproved BART SO2 determinations.  Following a settlement agreement, 

covering two of the units affected by the FIP, EPA approved the Planning Period 1 RH SIP Revision on 

March 7, 2014, to incorporate new control requirements (79 Fed. Reg. 12944, March 7, 2014).   

Table 5-1: First Planning Period Sources 

Facility Name BART Emission Units Pollutants Evaluated 

OG&E Seminole 

Generating Station 

Units 1, 2, 3 NOx 

PSO Comanche Power 

Station 

Units 1 & 2 NOx 

PSO Southwestern Power 

Station 

Unit 3 NOx 

OG&E Sooner 

Generating Station 

Units 1 & 2 SO2, NOx, PM 

OG&E Muskogee 

Generating Station 

Units 4 & 5 SO2, NOx, PM 

PSO Northeastern Power 

Station 

Units 2, 3, & 4 Unit 2: NOx 

Units 3 & 4: NOx, SO2, PM 

https://www.govinfo.gov/content/pkg/FR-2011-12-28/pdf/2011-32572.pdf#page=2
https://www.govinfo.gov/content/pkg/FR-2011-12-28/pdf/2011-32572.pdf#page=2
https://www.govinfo.gov/content/pkg/FR-2014-03-07/pdf/2014-03854.pdf
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5.2. Status of control measure implementation 

All required control measures from the Planning Period 1 have been constructed and continue to operate.  

The requirements that EPA approved on January 27, 2012, had a deadline of five years after EPA approval, 

thus January 27, 2017.  The deadline for meeting the FIP requirements at OG&E Muskogee and Sooner 

was later extended to January 4, 2019.  AEP/PSO entered into a settlement agreement and First Amended 

Regional Haze Agreement (First Amended Regional Haze Agreement, DEQ Case No. 10ï025 (March 

2013) to address the FIP for Units 3 and 4 at the Northeastern Power Plant.  The AEP/PSO Regional Haze 

Agreement was part of the 2013 Oklahoma Regional Haze SIP Revision, which was approved by EPA in 

the March 7, 2014 final rule.  In accordance with that agreement, Unit 4 was retired in 2016, and Unit 3 is 

now achieving an interim emission rate for SO2.  The primary significant remaining requirement from the 

AEP/PSO Regional Haze Agreement is for Unit 3 at Northeastern to incrementally reduce the capacity 

factor until its mandatory retirement by December 31, 2026.   

5.3. BART-subject Units 

All  the controls required by Planning Period 1 were on BART-subject units.  Below is a discussion of each 

facility, the BART-applicable units, the emission controls added, and the federally enforceable permit in 

which the control and emission limits are required.  

5.3.1. OG&E Seminole 

Permit 2015-1986-TVR3, issued August 14, 2016, incorporates the following BART limits: 

Table 5-2: BART control and emission limits for OG&E Seminole Units 1, 2, 3 

Control  Unit 1 Unit 2 Unit 3 

NOx control Combustion controls 

including: Low-NOx 

Burners, Overfire Air, 

and Flue Gas 

Recirculation 

Combustion controls 

including: Low-NOx 

Burners, Overfire Air, 

and Flue Gas 

Recirculation 

Combustion controls 

including: Low-NOx 

Burners, Overfire Air, 

and Flue Gas 

Recirculation 

NOx emission rate  0.203 lb/MMBtu  

(30-day rolling avg) 

0.212 lb/MMBtu  

(30-day rolling avg) 

0.164 lb/MMBtu  

(30-day rolling avg) 

 

Additionally, OG&Eôs Title V semi-annual report covering the time period of December 21, 2018 to June 

21, 2019, indicates the facility has remained in compliance with these limits. 

5.3.2. AEP/PSO Comanche 

Permit 2016-0646-TVR3, issued August 10, 2017, incorporates the following BART limits: 

Table 5-3: BART control and emission limits for PSO Comanche Units 1 and 2 

Control  Unit 1 Unit 2 

NOx control Dry Low-NOx burners Dry Low-NOx burners 

NOx emission rate  0.15 lb/MMBtu 

(30-day rolling average) 

0.15 lb/MMBtu 

(30-day rolling average) 

 

Additionally, PSOôs Title V semi-annual report covering the time period of April 1, 2019, to September 30, 

2019, indicates the facility has remained in compliance with these limits. 

5.3.3. AEP/PSO Southwestern  

Permit 2016-0341-TVR3, issued December 3, 2018, incorporates the following BART limits: 
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Table 5-4: BART control and emission limits for PSO Southwestern Unit 3 

Control  Unit 3 

NOx control Low-NOx burner with overfire air 

NOx emission rate 0.45 lb/MMBtu (30-day rolling average) 

 

Additionally, PSOôs Title V semi-annual report covering the time period of March 1, 2019, to August 31, 

2019, indicates the facility has remained in compliance with these limits. 

5.3.4. OG&E Sooner 

Permit 2016-0552-TVR3 (M-4), issued May 29, 2019, incorporates the following BART limits: 

 

Table 5-5: BART control and emission limits for OG&E Sooner Units 1 and 2 

Control  Unit 1 Unit 2 

NOx control Low-NOx burner with overfire air Low-NOx burner with overfire air 

NOx emission rate 0.15 lb/MMBtu  

(30-day rolling average) 

0.15 lb/MMBtu  

(30-day rolling average) 

PM10 control Existing electrostatic precipitator Existing electrostatic precipitator 

PM10 emission rate  0.10 lb/MMBtu  

(3-hour rolling average) 

0.10 lb/MMBtu  

(3-hour rolling average) 

SO2 control Dry-gas desulfurization* Dry-gas desulfurization* 

SO2 emission rate 0.06 lb/MMBtu  

(30-day rolling average) 

0.06 lb/MMBtu  

(30-day rolling average) 

*The deadline to meet FIP limits was extended to January 4, 2019 

Additionally, OG&Eôs Title V semi-annual report covering the time period of February 25, 2019, to August 

25, 2019, indicates the facility has remained in compliance with these limits.   

5.3.5. OG&E Muskogee 

Permit 2005-271-C (M-13), issued August 13, 2018, incorporates the following BART limits: 

Table 5-6: BART control and emission limits for OG&E Muskogee Units 4 and 5 

Control  Unit 4 Unit 5 

NOx control Low-NOx burner with overfire air Low-NOx burner with overfire air 

NOx emission rate 0.15 lb/MMBtu  

(30-day rolling average) 

0.15 lb/MMBtu  

(30-day rolling average) 

NOx emission rate 822 lb/hr  

(30-day rolling average) 

822 lb/hr  

(30-day rolling average) 

NOx emission rate 3,600 TPY  

(12-month rolling) 

3,600 TPY  

(12-month rolling) 

PM10 control Existing electrostatic precipitator Existing electrostatic precipitator 

PM10 emission rate 0.10 lb/MMBtu  

(3-hour rolling average) 

0.10 lb/MMBtu  

(3-hour rolling average) 

PM10 emission rate 548 lb/hr  

(3-hour rolling average) 

548 lb/hr  

(3-hour rolling average) 

PM10 emission rate 2,400 TPY  

(12-month rolling average) 

2,400 TPY  

(12-month rolling average) 

SO2 control Dry gas desulfurization* Dry gas desulfurization* 

SO2 emission rate 0.06 lb/MMBtu  

(30-day rolling average) 

0.06 lb/MMBtu  

(30-day rolling average) 
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*The deadline to meet FIP limits was extended to January 4, 2019. 

OG&E opted to convert units 4 and 5 from coal-fired to natural gas-fired, which was completed February 

18-21, 2019.  This conversion and the associated limits will be incorporated into its next issued permit.   

5.3.6. AEP/PSO Northeastern 

In accordance with the AEP/PSO Regional Haze Agreement and the 2013 Oklahoma RH SIP Revision, 

Unit 4 was retired in 2016, and required controls were installed on Units 2 & 3.  

Permit 2012-918-TVR2 (M-2) includes the following BART limits:  

Table 5-7: BART control and emission limits for PSO Northeastern Units 2 and 3 

Control  Unit 2 Unit 3* 

NOx control Low-NOx burner with overfire air Low-NOx burner with overfire air  

NOx emission rate 0.28 lb/MMBtu  

(30-day rolling average) 

0.15 lb/MMBtu  

(30-day rolling average) 

SO2 control N/A Dry-sorbent/carbon injection 

SO2 emission rate  0.40 lb/MMBtu  

(30-day rolling average) 
* for Unit 3 ï per the RHA ï the SO2 emission rate is under review to determine if a lower rate is appropriate. 

The AEP/PSO Regional Haze Agreement, under revised paragraph 26, subparagraph E, required AEP/PSO 

to develop and propose a monitoring program for Unit 3 to test various operating profiles and other 

measures in order to determine whether increased SO2 removal efficiencies ï more stringent than the 

permitted 0.40 lb/MMBtu SO2 emission limit shown in Table 5-7 above ï can be achieved at Unit 3 during 

normal operations using existing DSI.  The AEP/PSO Agreement also contained additional requirements 

for Unit 3 dependent on the results of the required monitoring program.   

PSO developed and implemented the monitoring program, and submitted the ñBART SO2 Monitoring 

Program for Northeastern Power Station Unit 3,ò dated June 25, 2019, to DEQ.  Based on the results of the 

SO2 Monitoring Program, PSO concluded that the lowest target emission rate sustainably achieved 

consistent with the conditions in the AEP/PSO Regional Haze Agreement is 0.35 lb/MMBTU on a 30day 

rolling average basis, and that the resulting federally enforceable emission rate should be 0.37 lb/MMBtu 

on a 30-day rolling average basis. DEQ concurs with PSOôs determination that the BART emission limit 

for Unit 3 should be revised to 0.37 lb/MMBtu, and this revised limit will be incorporated into a future 

permit modification. 

Additionally, the AEP/PSO Regional Haze Agreement requires that Unit 3 will decrease the annual capacity 

until retirement by December 31, 2026, as follows (quoted from subsection (1)(g) of Attachment A to the 

Settlement Agreement): 

 The [Regional Haze Agreement] RHA will require that beginning in calendar year 2021, the 

Annual Capacity Factor (calculated for each calendar year as a percentage of MWH based on a 

rated capacity of 470 MW times 8760 hours) for the operating coal-fired generating unit at 

Northeastern Station will be reduced as follows: 

i. to no more than 70 percent in calendar years 2021 and 2022; 

ii. to no more than 60 percent in calendar years 2023 and 2024; and 

iii.  to no more than 50 percent in calendar years 2025 and 2026. 
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5.3.7. Summary of Planning Period 1 Emission Reductions 

Table 5-8 and Table 5-9 summarize emission reductions resulting from implementation of BART as of the 

end of the first RH Planning Period.   

Table 5-8: SO2 Emission reductions achieved from Planning Period 1 control measures 

Source Unit  
BART baseline 

emissions (tons SO2) 

Emissions in 2019 

(tons SO2) 

Net reduction 

(tons SO2) 

OG&E Sooner 
1 9,394 307 

17,377 
2 8,570 280 

OG&E 

Muskogee 

4 9,113 2 
18,115 

5 9,006 2 

PSO 

Northeastern 
 31,779 4,216 27,563 

Total    63,055 

 

Table 5-9: NOx Emission reductions achieved from Planning Period 1 control measures 

Source Unit  
BART baseline emissions 

(tons NOx) 

Emissions in 2019 

(tons NOx) 

Net reduction 

(tons NOx) 

OG&E 

Seminole 

1 4,068 409 

9,720 2 4,248 290 

3 2,636 533 

PSO Comanche 
1 1,393  23 

2,731 
2 1,385 24 

PSO 

Southwestern 
3 2,136 889 1,247 

OG&E Sooner 
1 7,266 1,273 

10,373 
2 5,689 1,309 

OG&E 

Muskogee 

4 5,258 274 
10,441 

5 5,709 252 

PSO 

Northeastern 

2 2,861 512 

14,839 3 and 

4 
13,971 1,481 

Total    49,351 

 

5.4. Visibility conditions and progress 

In conformity with a previous version of the federal regional haze rule, DEQ prepared and submitted an 

implementation plan revision for the first planning period, and EPA approved some parts of this plan, 

including some sections that analyzed the haziest 20% of days at the Wichita Mountains.  Section 3.1.2 

herein presents statistics for visibility at the Wichita Mountains since the establishment of the monitoring 

station in March 2001.  After DEQ submitted its proposed implementation plan revision for the first 

planning period, EPA updated the regional haze regulations to require that implementation plans consider 
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instead the most impaired 20% of days.  The current version of the RH Rule requires that the progress 

report in the Planning Period 2 RH SIP include ñthe difference between current visibility conditions for the 

most impaired and least impaired days and baseline visibility conditions.ò   

The average visibility metric on the most impaired 20% of days for the five-year period of 2015-2019 at 

the Wichita Mountains was 17.58 deciviews, an improvement of 4.60 deciviews from 22.18 deciviews 

during the baseline period (2000-2004).  Additionally, no degradation of visibility occurred on the 20% 

clearest days during Planning Period 1; the visibility metric on the cleanest 20% of days improved from 

9.92 deciviews during the baseline period of 2000-2004 to 8.65 deciviews during the five-year period of 

2015-2019 for a difference of 1.27 deciviews.  The 2018 reasonable progress goal (RPG) for the WMWA, 

as submitted by DEQ in the Planning Period 1 RH SIP (February 18, 2010) is 21.33 deciviews on the haziest 

20% of days.  Visibility conditions at the WMWA improved such that the submitted RPG was met by the 

end of Planning Period 1 in 2018.  A full analysis of visibility conditions at the WMWA can be found in 

Section 3.   

5.5. Changes in impairment contribution 

Sulfate and nitrate emissions are the major contributors to visibility impairment at the WMWA.  As SO2 

emissions have decreased considerably (see Section 4. Emissions Inventory), the contribution of nitrate 

particulate has increased (see Section 3. Visibility Monitoring).  Emissions of SO2 and NOx have decreased 

substantially in both the point and nonpoint sectors, highlighting the effects of ongoing air pollution control 

programs implemented by DEQ.  The following graph illustrates changes in SO2 and NOx  emissions from 

2002 ï 2017.   

 

Figure 5-1: Changes in SO2 and NOx emissions from 2002-2017 

 

 

5.6. Significant changes in anthropogenic emissions impeding progress 

Emissions of all major contributors to visibility impairment at the WMWA have decreased since the 

analysis provided in the initial SIP revision for regional haze. DEQ notes that the reductions in 

anthropogenic emissions, especially for SO2, were greater than anticipated in part due to a large shift in 

EGU generation from coal to natural gas all across the country that could not have been predicted. Other 
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EPA regulatory actions also aided in these reductions. Progress toward the reasonable progress goal 

established for the first planning period has not been impeded by any anthropogenic source or sector of 

emissions.  

5.7. Adequacy of implementation plan 

As evidenced by the visibility monitoring data, presented in Section 3, the approved Oklahoma Planning 

Period 1 RH SIP was more than sufficient to meet the reasonable progress goal established in Planning 

Period 1.  The 2014-2018 visibility index on the haziest days is 2.50 deciviews better than the RPG that 

DEQ proposed and submitted from Planning Period 1. Additional progress toward natural conditions 

continues on track for meeting the target visibility conditions goal before the 2064 endpoint.  EPA modeling 

projects the 2028 visibility index on the most impaired days to be 0.43 deciviews better than the URP 

glidepath.   

6.  2018 ï 2028: Planning Period 2 

In amendments to the RH Rule, effective January 10, 2017, EPA delayed the due date of the Planning 

Period 2 RH SIPs until July 31, 2021, to better integrate with other federal air program requirements (82 

Fed. Reg. 3078, January 10, 2017).  The delayed deadline shortens the time remaining in the planning 

period for the RH SIP to be reviewed, approved, and implemented from the normal ten years to seven years, 

which means much of the progress possible during this planning period has already been realized as a result 

of completed or partially completed implementation of Planning Period 1 actions and other regulatory 

changes.  Any requirements for implementation of additional controls during Planning Period 2 must be 

limited to only those control measures shown to be cost-effective at reducing visibility impairing pollution 

per the four-factor analyses. The work on Planning Period 3 (2028-2038) will begin shortly after the 

submittal of this SIP and possibly before EPA approval of this SIP. In addition to the advanced progress 

made during Planning Period 1, EPA modeling shows that visibility impairment will continue to decrease 

during Planning Period 2 at a pace better than the uniform rate of progress at the WMWA and at other Class 

I areas where Oklahoma sources may impact visibility, as demonstrated below. 

6.1. Visibility conditions at the WMWA 

The most recently available 5-year period of IMPROVE monitoring data for the Planning Period 2 analysis 

is 2015-2019.  Table 6-1 shows the 5-year average deciview index on the 20% most impaired days and 20% 

clearest days at the WMWA.   

Table 6-1: Baseline, current, and natural visibility index at WMWA  

 Average deciview 

index for 2000-2004 

baseline  

Average deciview index 

for 2015-2019 

Deciview index for 

natural conditions 

Most Impaired Days 22.18 17.56 10.19 

Clearest Days 9.92 8.33 4.20 

 

Figure 6-1 shows the breakdown of particulate species on the most impaired days at the WMWA for 2015-

2019. 

https://www.govinfo.gov/content/pkg/FR-2017-01-10/pdf/2017-00268.pdf
https://www.govinfo.gov/content/pkg/FR-2017-01-10/pdf/2017-00268.pdf
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Figure 6-1: Average Annual Light Extinction, MIDs, 2015-2019

 

Courtesy: Western Regional Air Partnership 

Nitrate and sulfur particulate constitute the greatest proportion of impairment contribution at the Wichita 

Mountains.  IMPROVE data also provide statistics for saline, soil, elemental carbon, and organic carbon 

fine particulate and coarse particulate matter.  The algorithm considers all chlorine and chloride particulate 

(labeled as sea salt) as entirely natural and therefore not subject to regulatory action.  The fine soil 

particulate originates in large part from windblown dust, which originates principally in the Sahara region 

of Africa on the days with the greatest quantity of fine soils.  Elemental carbon particulate derives from 

combustion of organic matter, especially in fires, although a small portion originates from industrial sources 

and automobile engines.  Even federal land managers in comments on this implementation plan admit to 

use of fire as a land-management practice.  The complexities of organic chemistry in the atmosphere 

complicated identification of the sources of organic carbonaceous particulate matter, but seasonal cycles 

and analysis of daily data suggest a dominant origin in the natural processes of plant life with a notable 

contribution from burning vegetation.  Coarse mass episodes correspond to North American dust storms, 

but some of the coarse mass undoubtedly includes the largest particles from other sources, especially pollen 

grains, sulfur, and nitrates.  In summary, sources of chlorine, fine-soil, coarse mass, elemental 

carbonaceous, and organic carbonaceous particulate matter at the Wichita Mountains and their precursors 

include a preponderance of natural sources and other sources not well characterized in existing emission 

inventories.   

In contrast to the foregoing categories, sulfur and nitrate particulate originate primarily from 

unambiguously anthropogenic sources, well defined in Oklahoma inventories and national emissions 

inventory and subject to permitting and other regulation from EPA and air pollution control agencies.  

Moreover, sulfur and nitrate still contribute the majority of visibility impairment at the Wichita Mountains.  

Therefore, DEQ chose to focus on NOx and SO2 emissions for analysis in this implementation plan revision.   

6.2. Long-term strategy development 

A long-term strategy (LTS) for improving visibility conditions during the second planning period ending 

2028 is required by 40 C.F.R. § 51.308(f)(2) of the RH Rule.  In developing the LTS, a state must consider: 

1) the cost of compliance; 2) the time necessary for compliance; 3) the energy and non-air quality 


















































